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(54) Reactive sputtering apparatus and process for forming thin film using same 



(57) To form a large-area thin film having in-plane 
uniform thickness and optical and electrical characteris- 
tics at a high deposition rate, a reactive sputtering appa- 
ratus is provided which comprises a substrate holding 
means (7) for holding a substrate (2), a target holding 
means (12) for holding a target (1), a sputter gas sup- 
plying means (3) for supplying into a reaction chamber 
a sputter gas for sputtering the target, a reactive gas 
supplying means (4) for supplying a reactive gas, and a 
power supplying means (8) for supplying a power for 
causing a discharge to take place between the target 



and the substrate, wherein a partition member (6) hav- 
ing a plurality of openings is provided between the tar- 
get and the substrate, and wherein a supply port and an 
exhaust passage (20) both for the sputter gas and a 
supply port and an exhaust passage (21) both for the 
reactive gas are provided separately from each other 
such that the sputter gas is applied to and exhausted 
from a space between the target and the partition mem- 
ber and the reactive gas is applied to and exhausted 
from a space between the substrate and the partition 
member. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 5 

This invention relates to a reactive sputtering appa- 
ratus, and more particularly belongs to the technical 
field of thin-film forming processes suited for forming 
electrodes or protective films for semiconductor ele- 
ments, electrodes or protective films for liquid-crystal 
devices, protective films for photomagnetic recording 
media, reflection preventive films (including anti-reflec- 
tion coating films) or reflection enhancing films for opti- 
cal articles, or the like by the use of such an apparatus. 

Related Background Art 

Conventional reactive sputtering is a process in 
which a mixed gas of a sputter gas and a reactive gas is 
introduced into a reaction chamber and a metallic target 
is sputtered to form a metallic compound thin film by a 
chemical reaction of constituent atoms of the target with 
the reactive gas. In this instance, the reactive gas may 
react with the metallic target on the target surface to 
form a metallic compound on the target surface. Usu- 
ally, since the sputtering yield with respect to a metallic 
compound is about 10% of that with respect to the 
metal, the deposition rate may lower in the reactive 
sputtering. If the reactive gas is fed at a lower flow rate 
in order to improve the yield, the metallic compound thin 
film may be formed as having a higher content of metal- 
lic atoms, and can not possibly be a thin film that satis- 
fies the stoichiometric ratio, resulting in poor thin-film 
characteristics in respect of optical characteristics (such 
as refractive index and transmittance) and so forth. 

Accordingly, some attempts to solve such technical 
problems are proposed. 

Fig. 8 is a schematic view of a reactive sputtering 
apparatus disclosed in Japanese Patent Application 
Laid-Open No. 62-56570. Reference numeral 1 denotes 
a target; 2, a substrate; 3, a supply pipe for argon (Ar) 
serving as a sputter gas; 4, a supply pipe for oxygen 
(0 2 ) serving as a reactive gas; 9, a reaction chamber; 
12, a target holder; and 7, a substrate holder. 

The above publication states that the use of the 
apparatus shown in Fig. 8 makes the rate of sputtering 
larger and brings about an improvement in the charac- 
teristics of the oxides, since the sputter gas and the 
reactive gas are separately introduced, and since the 
sputtering takes place preferentially in the vicinity of the 
target and the oxidation reaction takes place preferen- 
tially in the vicinity of the substrate. 

In reality, however, the sputter gas and the reactive 
gas mix at a zone between the target and the substrate 
to form a mixed plasma of the both. Especially when a 
thin film is formed on a large-area substrate, the dis- 
charging region between the substrate and the target is 



2 

so large that the sputter gas and the reactive gas can be 
separately present with difficulty. TTius, the film quality 
and the rate of sputtering can not be so much improved 
as expected. 

Meanwhile, Fig. 9 is a schematic view of a reactive 
sputtering apparatus disclosed in Japanese Patent 
Application Laid-Open No. 6-41733. Reference numeral 
1 denotes a target; 2, a substrate; 3, a supply pipe for 
argon (Ar) serving as a sputter gas; 4, a supply pipe for 
oxygen (0 2 ) serving as a reactive gas; 7, a substrate 
holder; 8, a power source; 9, a reaction chamber; 12, a 
target holder; 13, a differential pressure plate; 14, a high 
frequency power source; 15, a coil; 16, a magnet; 17, a 
pipe for circulating a refrigerant; and 18, an exhaust 
pump. 

In this apparatus, an exhaust vent communicating 
with a vacuum pump is provided at an upper part of the 
reaction chamber 9, and the differential pressure plate 
13 is utilized to produce a difference in pressure 
between the reaction chamber upper part and the reac- 
tion chamber lower part so that the sputter gas and the 
reactive gas can be separated. 

Japanese Patent Application Laid-Open No. 7- 
335553 discloses a reactive sputtering apparatus pro- 
posed in order to achieve an object different from the 
object of the above apparatuses. This apparatus is pro- 
vided with a collimator between the target and the sub- 
strate in order to fill up contact holes of semiconductor 
devices. 

The specification and drawings of U.S. Patent No. 
5,415,753 and a publication THE SECOND INTERNA- 
TIONAL SYMPOSIUM ON SPUTTERING & PLASMA 
PROCESSES, 1993, pp. 269-274" also disclose a reac- 
tive sputtering apparatus provided with a perforated 
plate between a target and a substrate and so con- 
structed that a sputter gas and a reactive gas are sepa- 
rately fed. 

in the apparatus shown in Fig. 9, however, an open- 
ing 13a of the differential pressure plate 13 is larger in 
size than the substrate 2, so that, in reality, the sputter 
gas will unwantedly pass through the opening 1 3a of the 
differential pressure plate 13 to flow to the substrate 2 
side. Hence, also in such an apparatus, the rate of sput- 
tering and the film quality can not be so much improved 
as expected. 

The apparatus disclosed in U.S. Patent No. 
5,415,753 has also no sufficient countermeasure for 
gas exhaustion, and the rate of sputtering and the film 
quality can not be so much improved as expected. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
reactive sputtering apparatus, and a thin film forming 
process, that can form a thin film having in-plane uni- 
form thickness and optical and electrical characteristics. 

Another object of the present invention is to provide 
a reactive sputtering apparatus, and a thin film forming 
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process, that can form a uniform and large-area thin film 
at a high deposition rate. 

The present invention provides a reactive sputter- 
ing apparatus comprising a substrate holding means for 
holding a substrate, a target holding means for holding 
a target, a sputter gas supplying means for supplying 
into a reaction chamber a sputter gas for sputtering the 
target, a reactive gas supplying means for supplying a 
reactive gas, and a power supplying means for supply- 
ing a power for causing a discharge to take place 
between the target and the substrate, wherein; 

a partition member having a plurality of openings is 
provided between the target and the substrate, a 
first space being formed between the target and the 
partition member, and a second space being 
formed between the substrate and the partition 
member; 

a sputter gas supply port for supplying the sputter 
gas to the first space and an exhaust passage for 
exhausting at least part of the sputter gas from the 
first space without passing through the plurality of 
openings are provided in the first space; and 
a reactive gas supply port for supplying the reactive 
gas to the second space and an exhaust passage 
for exhausting at least part of the reactive gas from 
the second space without passing through the plu- 
rality of openings are provided in the second space. 

The present invention also provides a thin film form- 
ing process for forming a thin-film using a reactive sput- 
tering apparatus comprising a substrate holding means 
for holding a substrate, a target holding means for hold- 
ing a target, a sputter gas supplying means for supply- 
ing into a reaction chamber a sputter gas for sputtering 
the target, a reactive gas supplying means for supplying 
a reactive gas, and a power supplying means for sup- 
plying a power for generating a discharge between the 
target and the substrate, the process comprising the 
steps of; 

disposing the substrate and the target such that a 
partition member having a plurality of openings is 
interposed therebetween; 

supplying the sputter gas to a first space between 
the target and the partition member and exhausting 
at least part of the sputter gas from the first space 
without passing through the plurality of openings; 
supplying the reactive gas to a second space 
between the substrate and the partition member 
and exhausting at least part of the reactive gas from 
the second space without passing through the plu- 
rality of openings; and 

generating a discharge between the target and the 
substrate, thereby forming on the substrate a thin 
film containing the constituent atoms of the target 
and the constituent atoms of the reactive gas. 



According to the present invention, the flow of the 
sputter gas and the flow of the reactive gas are sepa- 
rated from each other by the partition member as a 
boundary. Thus, the plasma of the sputter gas preferen- 

5 tially acts to sputter the target, and hence does not dam- 
age the depositing surface on the substrate. On the 
other hand, since the reactive gas reacts, on the depos- 
iting surface, preferentially with the sputtered constitu- 
ent atoms of the target, excess or deficiency of the 

10 reactive gas component (e.g., oxygen, nitrogen or fluo- 
rine) is not caused, so that a good compound thin film 
can be formed. Further, since the reaction of the target 
with the reactive gas can be restrained, the sputtering 
rate of the target can be increased, thus improving the 

15 deposition rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view of a reactive 
20 sputtering apparatus according to a preferred embodi- 
ment of the present invention. 

Fig. 2 is a plan view of a partition member used in 
the reactive sputtering apparatus of the present inven- 
tion. 

25 Fig. 3 is a sectional view of the partition member 
used in the reactive sputtering apparatus of the present 
invention. 

Fig. 4 is a sectional view of a portion of another par- 
tition member used in the present invention. 
30 Fig. 5 is a schematic view showing a reactive sput- 
tering apparatus according to another embodiment of 
the present invention. 

Fig. 6 is a schematic view showing a reactive sput- 
tering apparatus according to still another embodiment 
35 of the present invention. 

Fig. 7 is a schematic view showing a reactive sput- 
tering apparatus according to yet another embodiment 
of the present invention. 

Fig. 8 is a schematic view showing an example of a 
40 conventional reactive sputtering apparatus. 

Fig. 9 is a schematic view showing another exam- 
ple of a conventional reactive sputtering apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
45 MENTS 

Fig. 1 is a schematic sectional view of a reactive 
sputtering apparatus according to a preferred embodi- 
ment of the present invention. 

50 

(Reactive Sputtering Apparatus) 

The reactive sputtering apparatus as shown in Fig. 
1 has a substrate holder 7 as a substrate holding means 
55 for holding a substrate 2, a target holder 12 as a target 
holding means for holding a target 1 , a gas shower head 
3 as a sputter gas supplying means for supplying into a 
reaction chamber 9 a sputter gas GA for sputtering the 
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target 1 , a gas shower head 4 as a reactive gas supply- 
ing means for supplying a reactive gas GB, and a power 
source 8 as a power supplying means for supplying a 
power for generating a plasma 5 by discharge between 
the target 1 and the substrate 2. 5 

A grid plate 6 as a partition member having a plural- 
ity of openings 6a is provided between the target 1 and 
the substrate 2. In a first space formed between the tar- 
get 1 and the grid plate 6, sputter gas supply ports 10 
for supplying the sputter gas GA to the first space and 10 
an exhaust passage 20 for exhausting at least part of 
the sputter gas from the first space without passing 
through the openings 6a are provided. 

In a second space formed between the substrate 2 
and the grid plate 6, reactive gas supply ports for sup- 75 
plying the reactive gas GB to the second space and an 
exhaust passage 21 for exhausting at least part of the 
reactive gas from the second space without passing 
through the openings 6a are further provided. 

In this way, the location of the gas supply ports 10 20 
and 1 1 and the location of the exhaust passages 20 and 
21 that function as exhaust vents are determined such 
that the sputter gas GA and the reactive gas GB do not 
mutually diffuse as far as possible through the openings 
6a of the grid ptate 6. Especially in the present embodi- 25 
ment, a communicating opening 24 is provided between 
the target 1 and the substrate 2 in such a way that it lies 
across the grid plate 6 so that exhaust passageways 
that can prevent the above mutual diffusion are formed 
at the communicating opening 24, which communicates 30 
with an exhaust pump. 

According to the present embodiment, the flow of 
the sputter gas and the flow of the reactive gas are sep- 
arated from each other by the grid plate 6 as the bound- 
ary. Thus, the plasma of the sputter gas is confined 35 
between the grid plate 6 and the target 1 . The plasma 
particles thus confined preferentially act to sputter the 
target, can hardly travel over the grid plate 6 to reach 
the substrate, and hence do not damage the depositing 
surface on the substrate. On the other hand, the reac- 40 
trve gas is present between the grid plate 6 and the sub- 
strate 2, and can hardly pass through the openings of 
the grid plate 6 to diffuse to the target side. Thus, the 
reactive gas reacts, on the depositing surface, preferen- 
tially with the sputtered constituent atoms of the target, 45 
and hence excess or deficiency of the reactive gas com- 
ponent (e.g., oxygen, nitrogen or fluorine) is not caused, 
so that a good compound thin film can be formed. Also, 
since the reaction of the target with the reactive gas can 
be restrained, the sputtering rate of the target can be so 
increased, thus improving the deposition rate. 

Other portions of the present embodiment are con- 
stituted as described below. 

Fig. 2 is a plan view showing an example of the grid 
plate 6 used in the present invention. Fig. 3 is a sec- 55 
tional view of the grid plate 6 shown in Fig. 2. At least 
the surface of the grid plate 6 serving as the partition 
member may preferably be made of a material selected 



depending on the constituent material of the target 1 to 
be sputtered. In other words, the material for the grid 
plate 6 may preferably be selected depending on the 
constituent material of the film to be formed. For exam- 
ple, in an instance where a silicon oxide film is formed, 
a member comprised of silicon (Si) is used; in an 
instance where a tantalum oxide film is formed, a mem- 
ber comprised of tantalum (Ta) is used; and in an 
instance where an aluminum oxide film is formed, a 
member comprised of aluminum (AO is used. Thus, the 
grid plate material may be selected from silicon, tanta- 
lum, aluminum, indium, titanium, copper, tungsten, or 
the like. The grid plate may be a plate-like member com- 
prising a base member made of a conductive, insulating 
or semiconductive material as selected regardless of 
the target material and having formed on at least a sur- 
face of the base member facing the target 1 side a film 
comprised of the same material as the target. 

The plurality of openings 6a provided in the grid 
plate 6 may preferably have an aspect ratio less than 
1.0, and more preferably less than 0.6 in all the open- 
ings 6a. This enables formation of a film at an appropri- 
ate deposition rate and a film can be obtained with a 
uniform thickness over the whole area. On the other 
hand, if a conventional collimator is used for this pur- 
pose, the collimator has so great an aspect ratio that the 
sputtered atoms are incident on the substrate surface at 
small angles, which makes it difficult to form a uniform 
and large-area continuous film. 

The openings may have a three-dimensional shape 
of cylinders, square columns or the like, as viewed from 
the top of the grid plate. With regard to the planar 
shape, i.e., opening shape (two-dimensional shape), 
the openings may have any shape of circles, ellipses, 
squares, triangles and so on. 

The aspect ratio AR of the openings 6a is defined 
as a value (D/L) given by dividing a depth D of each 
opening (plate thickness) by a diameter L of a true circle 
having the same area as the area of the opening. Fur- 
ther, when the substrate surface has a circular shape, 
the diameter L may preferably be from 1% to 15%, and 
more preferably from 4% to 10%, of the diameter of the 
substrate 2. 

In order to form a uniform film, the plurality of open- 
ings 6a of the grid plate 6 may preferably be distributed 
in a regular fashion, and their opening percentage may 
preferably be from 5% to 90%, and more preferably from 
20% to 70%. 

The grid plate 6 may preferably be electrically float- 
ing, or may more preferably be kept at a predetermined 
potential so as to produce a potential difference 
between it and the target, in the state of which the sput- 
tering is carried out. Letter symbol SW denotes a switch 
serving as a potential switching means for setting the 
potential of the grid plate 6. The grid plate 6 and the 
substrate 2 may be set to have either the same potential 
or different potentials. Also, the grid plate 6 and the 
reaction chamber may be set to have potentials different 
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from each other. In order to enhance the rate of sputter- 
ing, the power supplied may be made higher. If, how- 
ever, it is done, the sputtered atoms may impinge upon 
the substrate so much as to cause an excessive rise of 
the substrate temperature. If so, it is not possible to form 
a film on those substrates which are subject to thermal 
deformation. In the present embodiment, since the grid 
plate partially captures the sputtered atoms, such a 
problem can be solved. When the grid plate is biased to 
a positive potential with respect to the target, negative 
ions are captured by the grid plate to prevent the film 
from being damaged. When the grid plate is biased to a 
negative potential with respect to the target, negative 
ions bounce back to the target side to prevent the film 
from being damaged. 

The sputter gas supply port 10 may preferably be 
provided in plurality as shown in Fig. 1 , in the vicinity of 
the target 1 , so as to surround the target 1 . In the appa- 
ratus shown in Fig. 1, the sputter gas supply ports 10 
are present on the target 1 side with respect to the pipe 
center to preferentially blow out the gas to the target 1 
side. The sputter gas supply ports 10 are arranged at 
substantially equal intervals on the gas shower head 3 
which is a cyclic supply pipe. In other words, a plurality 
of supply ports are provided symmetrically on a circum- 
ference. 

Similarly, the reactive gas supply port 1 1 may also 
preferably be provided in plurality in the vicinity of the 
substrate 2 so as to surround the substrate 2. In the 
apparatus shown in Fig. 1 , the reactive gas supply ports 

1 1 are present on the substrate 2 side with respect to 
the pipe center to preferentially blow out the gas to the 
substrate side. 

The reactive gas supply ports 1 1 are arranged at 
substantially equal intervals on the gas shower head 4 
which is a cyclic supply pipe. In other words, a plurality 
of supply ports are provided symmetrically on a circum- 
ference. 

The substrate holder 7 as the substrate holding 
means is so constructed as to be rotatable at 1 to 50 
rpm during the sputtering. This enables formation of a 
more uniform film. 

A magnet may also be provided at the target holder 

1 2 to carry out the reactive magnetron sputtering. When 
it is so provided, the sputter gas plasma can be confined 
more in the vicinity of the target. 

As the power source 8, a DC power source or an 
AC power source is used. The AC power source is 
exemplified by an RF power source of 13.56 MHz, and 
a DC bias may be optionally superimposed thereon. 
When the sputtering rate is increased to more improve 
the thin film deposition rate, it is preferable to carry out 
DC sputtering using a DC power source. 

The exhaust vent of the reaction chamber 9 is con- 
nected to an exhaust pump (not shown). The exhaust 
pump may be constituted of, for example, a combination 
of a turbo-molecular pump or cryopump for main 
exhaust and a rotary pump for rough exhaust. 



In the apparatus of the present embodiment, the 
sputter gas GA is introduced into the space between the 
target 1 and the grid plate 6, and continually flows 
through the part 20 that functions as an exhaust vent, 

5 defined by the edge of the target 1 and the edge of the 
grid plate 6, toward the communicating opening 24 as 
shown by an arrow 22. 

On the other hand, the reactive gas GB is intro- 
duced into the space between the grid plate 6 and the 

10 substrate 2, and continually flows through the part 21 
that functions as an exhaust vent, defined by the edge 
of the substrate 2 and the edge of the grid plate 6, 
toward the communicating opening 24 as shown by an 
arrow 23. Since the conductance of such routes is suffi- 

is ciently greater than the conductance of the openings 6a 
of the grid plate 6, the mutual diffusion of the both gases 
through the openings 6a is substantially negligible. Fur- 
ther, the plasma may be confined in the space between 
the grid plate and the target by cooperatively setting the 

20 potential of the grid plate 6, whereby a better thin film 
can be formed. 

(Film Forming Process) 

25 A thin-film forming process that forms a thin film by 
the use of the reactive sputtering apparatus as 
described above will be described below. 

First, the target 1 , the substrate 2 and the grid plate 
6 are arranged in the reaction chamber 9 in the manner 

30 as shown in Fig. 1. Here, it is desirable to select the 
same material for the target 1 and the grid plate 6. 

First, the grid plate 6 having a plurality of openings 
is disposed. Then, the target 1 is set on the target holder 
1 2. Subsequently the substrate 2 is set on the substrate 

35 holder 7. 

The inside of the reaction chamber 9 is evacuated 
through the communicating opening 24, and the sub- 
strate 2 is heated or cooled if necessary. 

The sputter gas GA is fed through the supply ports 

40 1 0 of the gas shower head 3 into the space between the 
target 1 and the grid plate 6, and the reactive gas GB is 
fed through the supply ports 1 1 of the gas shower head 
4 into the space between the substrate 2 and the grid 
plate 6. 

45 The sputter gas GA is exhausted through the 
exhaust part 20 toward the communicating opening 24, 
and the reactive gas GB is exhausted through the 
exhaust part 21 toward the communicating opening 24. 
The pressure inside of the reaction chamber is 

so maintained approximately at 0.05 to 13 Pa, and more 
preferably at 0.1 to 1.3 Pa, in the state of which a DC 
voltage or RF voltage is applied between the target 1 
and the substrate 2 to cause a discharge to take place 
between the target 1 and the grid plate 6 to form a 

55 plasma 5 of the sputter gas. In this state, the formed 
plasma 5 may extend into the space between the grid 
plate 6 and the substrate 2 through the openings 6a. 
Constituent atoms of the target as sputtered with the 
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plasma particles pass through the openings 6a of the 
grid plate 6 and reach the surface of the substrate 2. 
Here, since the reactive gas capable of reacting with the 
target constituent atoms is present in the space 
between the grid plate 6 and the substrate 2, the both 5 
react with each other on the substrate surface, so that a 
film containing the target constituent atoms and the 
reactive gas constituent atoms can be formed on the 
substrate. 

When the grid plate 6 is constituted of the same 10 
material as the target 1 , the thin film formed on the sub- 
strate 2 is not affected even if the plasma particles have 
sputtered the grid plate 6. Also, since the grid plate 6 
and the exhaust parts 20 and 21 can prevent the reac- 
tive gas from flowing out to the target side, the reaction 75 
of the reactive gas with the sputtered constituent atoms 
of the target takes place preferentially on the substrate 
surface. Thus, the sputtering rate does not lower, and a 
thin film that satisfies the stoichiometric ratio can be 
formed at a high deposition rate. 20 

The surface materials for the target and for the par- 
tition member used in the present invention may be 
selected from Si, Mg, Al, Ta, In, Sn, Ti, Cu, Zn and W. 

The sputter gas may be selected from He, Ne, Ar, 
Kr, Xe, or the like. 25 

The reactive gas may be selected from 0 2 , 0 3 , N 2 , 
F 2 , NF 3 , or the like. 

The substrate may be either light-transmitting or 
non-light-transmitting, and the materials for the sub- 
strate may be selected from semiconductor materials 30 
such as silicon, GaAs, etc., insulating materials such as 
glass, quartz, fluorite. etc., and metallic materials such 
as stainless steel, aluminum, etc. 

Thin films that can be formed according to the 
present embodiment are silicon oxide films, aluminum 35 
oxide films, tantalum oxide films, indium oxide films, tin 
oxide films, titanium nitride films, copper oxide films, 
zinc oxide films, tungsten nitride films, magnesium fluo- 
ride films, aluminum fluoride films and so forth. 

The reactive sputtering apparatus of the present 40 
invention is effective especially when an optical thin film 
is formed on a concave or convex surface of a light- 
transmitting insulating substrate. The optical thin films 
obtained by the thin film forming process of the present 
invention exhibit superior characteristics as reflection 45 
preventive films or reflection enhancing films for KrF 
excimer laser and ArF excimer laser optical systems 
having a high energy. 

(Other Embodiments) so 

When films of different compositions are formed 
using the same reactive sputtering apparatus, the grid 
plate as the partition member may preferably be 
exchangeable. 55 

There are cases where sputtered atoms may 
adhere onto a surface of the grid plate, especially where 
they may adhere to the corners of openings on the tar- 



get side to stop up the openings. Accordingly, the cor- 
ners of the openings may preferably be bevelled into a 
tapered shape so as not to fill up the openings. Fig. 4 is 
a partial cross section showing such a tapered opening 
6a of the grid plate 6. As can be clearly seen when com- 
pared with Fig. 3, corners 6b are bevelled. 

Another preferred embodiment of the present 
invention will be described below. 

Fig. 5 shows a modification of the above embodi- 
ment shown in Fig. 1, where a shielding member 31 of 
a cylinder shape is provided around the grid plate 6. The 
shielding member 31 has the function as a deposition 
preventing plate for preventing the sputtered target con- 
stituent atoms from depositing onto the inner walls of 
the reaction chamber and the function to improve the 
effect of confining the sputter gas and the effect of con- 
fining the reactive gas. In the present embodiment, the 
gap between the upper edge of the shielding member 
31 and the target 1 forms the exhaust part 20, and the 
gap between the shielding member 31 and the gas 
shower head 4 and that between the gas shower head 
4 and the substrate 2 form the exhaust part 21. The 
sputter gas GA flows toward the communicating open- 
ing 24 through the route as shown by an arrow 22. The 
reactive gas GB flows toward the communicating open- 
ing 24 through the route as shown by an arrow 23. Since 
the conductance of the routes 22 and 23 is made suffi- 
ciently greater than the conductance of the openings 6a 
of the grid plate 6, the mutual diffusion that may 
adversely affect the film formation can be restrained. 

The shielding member 31 may preferably be formed 
of the same material as the grid plate 6. Further, the 
potential thereof may also preferably be kept at the 
same potential state as the grid plate 6 as the partition 
member. The shielding member 31 is supported by sup- 
porting legs 33 set on insulators 33 as insulating mem- 
bers provided on the bottom surface of the reaction 
chamber. As the switch SW, a switch may be used 
which is constituted in the same manner as, or consti- 
tuted to have the function equivalent to, the switch SW 
shown in Fig. 1. 

The portions and constitution of the apparatus of 
the embodiment shown in Fig. 5 are the same as those 
of the apparatus shown in Fig. 1 except for the differ- 
ences as described above. 

Fig. 6 is a schematic view illustrating still another 
embodiment of the present invention. The present 
embodiment is characterized by being provided with a 
communicating opening 25 exclusively used for 
exhausting the sputter gas for exhaust of the space 
between the grid plate 6 and the target 1 and also with 
a communicating opening 26 exclusively used for 
exhausting the reactive gas for exhaust of the space 
between the grid plate 6 and the substrate 2. 

To the shielding member 31 above the grid plate 6 
is connected an exhaust pipe to form a communicating 
opening 25 as an exhaust passage. Reference numeral 
27 denotes a valve, by means of which the exhaust 
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route can be opened or closed and its conductance can 
be adjusted. 

To the shielding member 31 below the grid plate 6 
is connected another exhaust pipe to form a communi- 
cating opening 26 as an exhaust passage. Reference s 
numeral 28 denotes a valve, by means of which the 
exhaust route can be opened or closed and its conduct- 
ance can be adjusted. 

The two exhaust routes are provided midway with 
insulators 29 as insulating members so that the reaction w 
chamber is insulated from the shielding member. 

Furthermore, the reaction chamber 9 also is pro- 
vided with a communicating opening 24, as with the 
apparatus shown in Fig. 5. Exhaust can be effected by 
opening a valve 30 during film formation. is 

In the present embodiment, the pressure at which 
the sputter gas is exhausted from the communicating 
opening 25 may preferably be made higher than the 
pressure at which the reactive gas is exhausted from 
the communicating opening 26 so that the pressure in 20 
the plasma-producing space can be higher than the 
space on the substrate side. This makes it much harder 
for the reactive gas to flow into the plasma-producing 
space. Stated specifically, valves 27, 28 and 30 are 
opened to evacuate the inside of the reaction chamber. 2s 
Next, the valve 30 is closed to change the exhaust route 
and to simultaneously introduce the sputter gas and the 
reactive gas into the reaction chamber through the gas 
shower heads 3 and 4, respectively. Thus, the sputter 
gas is introduced into the first space through the supply 30 
ports 10, and is exhausted from the first space through 
the communicating opening 25. The reactive gas is 
introduced into the second space through the supply 
ports 11, and is exhausted from the second space 
through the communicating opening 26. As the switch 35 
SW, a switch may be used which is constituted in the 
same manner as, or constituted to have the function 
equivalent to, the switch SW shown in Fig. 1 . 

The portions and constitution of the apparatus of 
the embodiment shown in Fig. 6 are the same as those 40 
of the apparatus shown in Fig. 1 except for the differ- 
ences as described above! 

According to the present embodiment, incorpora- 
tion of unwanted impurities can be restrained, and a 
compound thin film can be formed which has in-plane 45 
uniform thickness and optical and electrical characteris- 
tics. 

A further embodiment of the present invention will 
be described below with reference to Fig. 7. 

The reactive sputtering apparatus according to this so 
embodiment is a modification in part of the apparatus 
shown in Fig. 1. 

The apparatus is modified in that the edge of the 
grid plate 6 not provided with the openings 6a is 
extended so that the performance to separate and ss 
exhaust the sputter gas and the reactive gas can be 
improved, and also in that the communicating opening 
24 provided in the wall of the reaction chamber 9 is 



made to have a larger diameter than that shown in Fig. 
1 so that the communicating opening 24 can have a 
higher conductance. 

In addition, in order to generate a magnetron dis- 
charge, magnets 16 as a magnetic field generating 
means are provided in the target holder 12. The other 
constitution is as described for the case of Fig. 1 . 

According to the present embodiment, by using a 
partition member having an area larger than those of 
the target and substrate and having provided a plurality 
of openings in the vicinity of the center thereof, the two 
kinds of different gases can be separated and 
exhausted in a higher eff iciency. 

According to the present invention, incorporation of 
unwanted impurities can be restrained, and the thick- 
ness and optical and electrical characteristics of the thin 
film can be made uniform in the substrate plane. In addi- 
tion, a uniform, large-area compound thin film can be 
formed at a high deposition rate. 

To form a large-area thin film having in-plane uni- 
form thickness and optical and electrical characteristics 
at a high deposition rate, a reactive sputtering appara- 
tus is provided which comprises a substrate holding 
means (7) for holding a substrate (2), a target holding 
means (12) for holding a target (1), a sputter gas sup- 
plying means (3) for supplying into a reaction chamber 
a sputter gas for sputtering the target, a reactive gas 
supplying means (4) for supplying a reactive gas, and a 
power supplying means (8) for supplying a power for 
causing a discharge to take place between the target 
and the substrate, wherein a partition member (6) hav- 
ing a plurality of openings is provided between the tar- 
get and the substrate, and wherein a supply port and an 
exhaust passage (20) both for the sputter gas and a 
supply port and an exhaust passage (21) both for the 
reactive gas are provided separately from each other 
such that the sputter gas is applied to and exhausted 
from a space between the target and the partition mem- 
ber and the reactive gas is applied to and exhausted 
from a space between the substrate and the partition 
member. 

Claims 

1. A reactive sputtering apparatus comprising a sub- 
strate holding means for holding a substrate, a tar- 
get holding means for holding a target, a sputter 
gas supplying means for supplying into a reaction 
chamber a sputter gas for sputtering the target a 
reactive gas supplying means for supplying a reac- 
tive gas, and a power supplying means for supply- 
ing a power for generating a discharge between the 
target and the substrate, wherein; 

a partition member having a plurality of open- 
ings is provided between the target and the 
substrate, a first space being formed between 
the target and the partition member, and a sec- 
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ond space being formed between the substrate 
and the partition member; 
a sputter gas supply port for supplying the 
sputter gas to the first space and an exhaust 
passage for exhausting at least part of the 
sputter gas from the first space without passing 
through the plurality of openings are provided 
in the first space; and 

a reactive gas supply port for supplying the 
reactive gas to the second space and an 
exhaust passage for exhausting at least part of 
the reactive gas from the second space without 
passing through the plurality of openings are 
provided in the second space. 

2. The reactive sputtering apparatus according to 
claim 1, wherein a shielding member is provided 
around the partition member. 

3. The reactive sputtering apparatus according to 
claim 2, wherein the exhaust passage for the sput- 
ter gas is a gap between the shielding member and 
the target, and wherein the exhaust passage for the 
reactive gas is a gap between the shielding mem- 
ber and the substrate. 

4. The reactive sputtering apparatus according to 
claim 1 , wherein the exhaust passage for the reac- 
tive gas is a gap between a supply pipe for the reac- 
tive gas and the substrate. 

5. The reactive sputtering apparatus according to 
claim 1 , wherein an exhaust port for exhaust of the 
inside of the reaction chamber, an exhaust port for 
exhaust of the first space and an exhaust port for 
exhaust of the second space are provided sepa- 
rately from one another. 

6. The reactive sputtering apparatus according to 
claim 1, wherein at least a surface of the partition 
plate is comprised of the same material as that of 
the target. 

7. The reactive sputtering apparatus according to 
claim 2, wherein the partition member and the 
shielding member are constituted of the same 
material. 

8. The reactive sputtering apparatus according to 
claim 1 , wherein the plurality of openings of the par- 
tition member have an aspect ratio of less than 1 .0. 

9. The reactive sputtering apparatus according to 
claim 8, wherein the aspect ratio of the plurality of 
openings is less than 0.6. 

10. The reactive sputtering apparatus according to 
claim 1 , wherein the partition member is a plate-like 



member having the plurality of openings distributed 
in a regular fashion. 

11. The reactive sputtering apparatus according to 
5 claim 1 , wherein the partition member has a surface 

of a material selected from aluminum, tantalum, sil- 
icon and magnesium. 

12. The reactive sputtering apparatus according to 
10 claim 1 , wherein the sputter gas supply port is pro- 
vided in plurality in the vicinity of the target so as to 
surround the target, and wherein the reactive gas 
supply port is provided in plurality in the vicinity of 
the substrate so as to surround the substrate. 

75 

13. The reactive sputtering apparatus according to 
claim 1 , wherein the partition member is made elec- 
trically floating. 

20 14. The reactive sputtering apparatus according to 
claim 1 , wherein the partition member is kept at a 
predetermined potential. 

15. The reactive sputtering apparatus according to 
25 claim 1 , wherein the substrate holding means is in- 
plane rotatable. 

16. A thin film forming process for forming a thin-film 
using a reactive sputtering apparatus comprising a 
substrate holding means for holding a substrate, a 
target holding means for holding a target, a sputter 
gas supplying means for supplying into a reaction 
chamber a sputter gas for sputtering the target, a 
reactive gas supplying means for supplying a reac- 
tive gas, and a power supplying means for supply- 
ing a power for generating a discharge between the 
target and the substrate, the process comprising 
the steps of; 



35 



40 disposing the substrate and the target such 

that a partition member having a plurality of 
openings is interposed therebetween; 
supplying the sputter gas to a first space 
between the target and the partition member 

45 and exhausting at least part of the sputter gas 

from the first space without passing through the 
plurality of openings; 

supplying the reactive gas to a second space 
between the substrate and the partition mem- 
50 ber and exhausting at least part of the reactive 

gas from the second space without passing 
through the plurality of openings; and 
generating a discharge between the target and 
the substrate, thereby forming on the substrate 
55 a thin film containing the constituent atoms of 

the target and the constituent atoms of the 
reactive gas. 
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1 7. The thin-film forming process according to claim 1 6, 
wherein the target comprises a material selected 
from aluminum, tantalum and silicon. 

18. The thin-film forming process according to claim 1 6, 5 
wherein the substrate is a light-transmitting insulat- 
ing substrate. 

1 9. The thin-film forming process according to daim 16, 
wherein the sputter gas is at least one gas selected 10 
from He, Ar, Ne> Kr and Xe. 

20. The thin-film forming process according to claim 16, 
wherein the reactive gas is at least one of oxygen 
gas, nitrogen gas and fluorine gas. is 

21. The thin-film forming process according to claim 16, 
wherein the substrate is a light-transmitting insulat- 
ing substrate having a concave or convex surface. 

20 
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